Effective cavity length method is introduced to vertical cavity surface emitting laser for characterizing some properties, including reflectivity, FWHM, mode wavelength and threshold gain. Some experiment results are demonstrated, showing the agreement of theoretical analysis with experiment.
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Vertical cavity surface emitting laser (VCSEL) is a demanded source for optical communication, optical interconnection and signal processing due to its unique features such as stable single-mode operation, narrow beam divergence, low threshold current and densely packed 2D
However, because of short gain region of VCSEL (< 1 pm), very high reflectivity and mode gain are required. The exact determination of high reflectivity is difficult in the usually used two-beam method and some other related methods. Thus, to find a simple way to qualify the reflectivity is necessary.
To analyze the lasing condition and dynamic properties, Suematsu et discussed the effective length of the distributed Bragg reflectors (DBRs) for an edge emitting DBR laser.
They found that for a DBR laser, the reflective phase C#J is nearly linearly dependent on the difference Ap(= p -Po) of the propagation constants between the propagation constant p of waveguide mode and the Bragg propagation constant Po around the Bragg wavelength. So the effective length d& of DBR can be defined as 2 d ,~ = aq5/aAp/a+,, and used to solve lasing condition and dynamic properties. This indicates that the reflective phase caused by DBR is equal to the phase caused by a uniform medium whose length is d,R.
As for a VCSEL, to our knowledge, the detailed discussion bn the effective cavity length has not appeared. In this paper, we calculate the effective cavity length in VCSEL and use it to investigate some lasing properties.
The vertical cavity surface emitting laser structure we used for this study (Table 1) consists of 23. Based on optical propagation matrix method, the relationship between the reflective phase and the propagation constant in this kind of DBR is calculated. The results (Fig.1 For further explanation on the effective cavity length, we also calculate the electric field distribution in VCSEL (Fig.2) . &om layer 43 to 55 is the real cavity length. We can see that the range of effective cavity length is the range of concentrated light energy, from layer 36 to 63. This result is in agreement with the above phase calculation, and just due to this reason the light limitation factor is about 0.23 in VCSEL higher than that of ordinary edge-emit ting lasers.
Now we are going to analyze some lasing properties by the effective cavity length.
(1) Mode wavelength
The variation of the mode wavelength is determined by phase shift condition. In VCSEL structure, the resonant condition is R,eien . Rpeiep -eaiPd = 1, where R,, R, are reflectivities of n-type and p-type DBR, respectively, 6,,0, are reflective phase shifts of light through n-type and p-type DBR, respectively, d is the real cavity length. We can realize that the phase change is contributed by two X/4 DBRs and real cavity length. These two factors are restrained each other. We calculate three kinds of effects on the mode wavelength. The result is shown in Fig.3 , where curve a shows the variation of the mode wavelength with the cavity length in a standard F-P cavity, curve b shows the variation of the mode wavelength with the center wavelength of the reflectivity spectra of p-type and n-type A/4 DBR in a VCSEL, curve c shows the variation of the mode wavelength only with the real cavity length in a VCSEL. From this calc-ulation, we can obtain that the effect of p-type DBR, n-type DBR or cavity length on the mode wavelength variation in VCSEL is one-third of that in a standard F-P cavity.
By the effective cavity length, we can regard all phase effects only as the effect of the effective cavity length, and adjust center wavelength. For example, when n-type DBR's reflective spectra and active region are suitable, but the center wavelength of reflectivity spectra of wafer has a little deviation, we can obtain the matching layer length and the matching p-type DBR by the effective cavity length, and adjust the structure during growth to obtain satisfied wafer quality. The mode wavelength is determined by On + Op + 2pd = 2 p L ,~ = 2m1r.
(2) The relation between R and FWHM
A transmission spectrum in a F-P cavity is as follows:
reflectivities, d is the length of F-P cavity. The maximum position of transmission spectra and FWHM are completely determined by reflectivity R and phase condition 6. The phase FWHM of the transmission spectra is as follows:
We compare FWHM AA, of VCSEL structure with FWHM AA, of a standard F-P cavity whose back and front mirrors' reflectivities are R, and R, of p-type and n-type DBR, respectively, cavity length is the effective cavity length of VCSEL structure N,L,ff = 3.9A0 (results of Fig.1) . The results are shown in Table 2 
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current density is about 3000A/cm2. By the effective cavity length, combined with the expression of threshold gain: Ygth = & In RIRz + aaCt + a,,t (2 -1) , we can obtain that the threshold gain is 1800cm-l. From the relation between mode gain and injection + 1 , we can obtain that the threshold current density is about 2600 A/cm2. Considering lateral diffusion and non-uniform injection current, the experimental results are in good agreement with the theoretical analysis. 
